Hereditary nonpolyposis colorectal cancer (HNPCC) is an inherited predisposition to colorectal and endometrial cancers caused by germline mutation of mismatch repair genes, with hMLH1 and hMSH2 underlying the majority of the cases. Although lymphoid tumors are the most common tumors in mouse models for HNPCC, lymphomas are almost never encountered in patients who have HNPCC, except in rare families with germline homozygous deletion of hMLH1. We report the case of a 53-year-old man who had a history of colon cancers related to constitutional hMLH1 mutation and who was diagnosed as having a duodenal follicular lymphoma. This diagnosis was supported by IgH-BCL2 rearrangement and BCL2 immunoreactivity in tumor cells. The association of both of these possibly related rare diseases has never been reported. To clarify this relationship, we searched for hMLH1 expression and mismatch repair deficiency in the duodenal lymphoma. hMLH1 immunostaining was positive in lymphoid tumor cells, and no microsatellite instability was detected. In agreement with mouse models for HNPCC, these results suggest the involvement of alternative mechanisms to complete mismatch repair deficiency for lymphomagenesis in HNPCC syndrome.
Hereditary nonpolyposis colorectal cancer (HNPCC) is one of the most common cancer predisposition syndromes, inherited in an autosomal dominant fashion and characterized by early-onset colon carcinomas. Germline mutations in hMLH1 and hMSH2 account for most of the kindreds, whereas mutations in hPMS1, hPMS2, and hMSH6 are rare (1) . Proteins synthesized by these genes are involved in the recognition and repair of DNA mismatches. In tumors, the wild-type allele is lost and instability of the length of microsatellites occurs, referred to as the replicative error (RER)-positive or microsatellite instability (MSI)-positive phenotype.
The gastrointestinal (GI) tract is the most common extranodal site for the occurrence of nonHodgkin's lymphomas. Approximately half of them are B-cell lymphomas, including most commonly mucosa-associated lymphoid tissue lymphoma, lymphomatous polyposis (mantle cell lymphoma), and Burkitt/Burkitt-like lymphoma (2) . Follicular lymphomas are rare in this region, constituting from 1 to 3% of GI tract lymphomas (3) .
We report the case of a 53-year-old man with a duodenal follicular lymphoma occurring 18 years after a colon cancer related to HNPCC, with germline hMLH1 mutation. Although lymphomas are the most common tumors in mouse models for HNPCC, the association has never been reported in humans. To determine the putative role of the mismatch repair system in this tumor, we assessed the MSI phenotype by the use of five microsatellites and immunohistochemistry with antibodies against hMLH1 and hMSH2.
CASE REPORT
A 53-year-old asymptomatic man was referred for periodic GI tract examination in the follow-up of a history of two colon cancers. At the age of 35, the patient was operated on with left colectomy for an adenocarcinoma of the ascending colon (classified T2N0M0). Sixteen years later, an in situ adenocar-cinoma of the right colon was found and a total colectomy with ileorectal anastomosis was performed. The family of the patient met the Amsterdam criteria for HNPCC: one first-degree relative, his mother, and two successive generations also had a history of colorectal cancer. A screening procedure for the identification of hMLH1 mutation has found an in-frame deletion of the codon 616.
In October 1998, upper GI endoscopy showed proximal duodenal mucosa peppered with multiple white fleshy polyps of 0.2 to 0.5 cm. There was no evidence of recurrence of GI tract carcinoma. Multiple biopsies were performed.
MATERIALS AND METHODS
Duodenal and ileal biopsies were fixed in 10% formalin:acetic acid (20:1) for histologic and immunohistochemical studies or were immediately frozen in liquid nitrogen and stored at Ϫ80°C for DNA analysis. Tissue sections were stained with hematoxylin, eosin, and saffron. Immunostaining was performed on paraffin sections with an automated immunohistochemical processor (Ventana, Strasbourg, France) using a panel of antibodies against the following antigens: CD20, CD3, and BCL2 (Dako, Trappes, France); CD5, CD10, and BCL1 (Novocastra, Le Perray en Yvelines, France); and hMLH1 and hMSH2 (Calbiochem, Meudon, France).
DNA was extracted from frozen tissue (two duodenal samples and one ileal sample) and peripheral blood lymphocytes by proteinase K digestion and phenol-chloroform purification. A panel consisted of three dinucleotide repeats (D2S123, D5S346, D17S250), and two poly(A) repeats (BAT-25 and BAT-26) were used for the analysis of microsatellite instability according to the International Workshop on Microsatellite Instability (4). Polymerase chain reaction (PCR) assays were performed in 20 L 50 mM KCl, 10 mM Tris (pH 8.3), 1.5 mM MgCl 2 , 0.2 mM each dNTP, 20 pmol each primer, 50 ng DNA, and 0.1 unit of Taq polymerase (Perkin-Elmer, Courtaboeuf, France). The forward primer of each primer pair was end-labeled with a fluorochrome. After a denaturing step at 94°C for 5 min, amplification was performed for 35 cycles consisting of 94°C for 30 seconds, 50°C for 30 seconds, and 72°C for 1 min. PCR products were loaded on an ABI 310 sequencer (Applied-Biosystems, Courtaboeuf, France) for fragment analysis.
BCL2 gene rearrangement with IgH locus was analyzed by PCR amplification on 100 ng of DNA, 50 mM KCl, 2 mM MgCl 2 , 0.2 mM dNTP, 0.25 M oligonucleotide primers specific for the major breakpoint region of the BCL2 gene (5Ј-TAT GGT GGT TTG ACC TTT AG-3Ј) and the JH segments of the IgH gene (5Ј-ACC TGA GGA GAC GGT GAC CAG GGT-3Ј), and 2 U Taq polymerase in a total volume of 50 L. Amplification was performed for 35 cycles with a first denaturation step for 3 min at 92°C, 35 cycles at 92°C for 30 seconds, hybridization at 56°C for 1 min, and polymerization at 72°C for 1 min, increased to 10 min in the last cycle. PCR products were analyzed on a polyacrylamide gel. B-cell clonality was assessed using the analysis of IgH rearrangements with FR1c and FR2-56 systems as previously described (5) . IgH PCR products were separated on an ABI 310 sequencer.
RESULTS

Light Microscopic and Immunohistochemical Examination
Multiple biopsies of the duodenum showed villi expanded by a nodular lymphoid proliferation with erosions of the superficial epithelium (Fig. 1 ). This infiltrate was composed of monomorphous small lymphoid cells with irregular nuclei, indistinct nucleoli, and scant cytoplasm. There was some exocytosis of lymphoid cells in the superficial epithelium but no lymphoepithelial lesions in the glands. These findings were consistent with the diagnosis of follicular lymphoma. Results of ileal biopsies were normal.
Immunohistochemical staining with CD20, CD10, and BCL2 was uniformly positive in the lymphoid cells of the nodular proliferation. CD5 staining was negative as was BCL1. Rare T lymphocytes, positive for CD3, were present throughout the lesion. Tumor lymphoid cells exhibit nuclear immunostaining for hMLH1 and hMSH2 (Fig. 2) .
To complete the workup of this lymphoma, biopsies of the jejunum and the rectum were performed, as well as a bone marrow biopsy, a head and neck examination, and a thoraco-abdominal computed tomography. There was no evidence of extraduodenal localization of the lymphoma.
Molecular Genetic Analysis
Translocation t(14;18)(q32;q21) is a hallmark of follicular lymphoma. The translocation fused IgH locus to BCL2 locus. The breakpoints are usually sparse in a 30-kbp region, but in nearly 70% of t(14;18), the breakpoint occurs in the 3Ј noncoding region of BCL2 gene therefore named major breakpoint region (6) . An IgH-BCL2 rearrangement at the major breakpoint region was detected by PCR in the DNA sample obtained from duodenal biopsies but not from the ileal sample (Fig. 3) . No IgH monoclonal rearrangement of the immunoglobulin heavy chain gene was detected in the duodenum or the ileum (data not shown).
From the same DNA sample, PCR amplification with the five primer pairs D2S123, D5S346, D17S250, BAT-25, and BAT-26 did not demonstrate extra bands from tumor samples when compared with amplification from normal DNA (data not shown).
DISCUSSION
We report the first case of a duodenal follicular lymphoma occurring in a patient who had HNPCC with a hemizygous mutation of hMLH1. The duodenal lymphoid proliferation had a nodular architecture with small cleaved lymphocytes that exhibited IgH-BCL2 rearrangement by PCR and BCL2 oncoprotein enhanced expression by immunohistochemistry. These features are consistent with the diagnosis of follicular B-cell lymphoma. The absence of monoclonal rearrangement of the immunoglobulin heavy chain gene detected by PCR does not exclude a clonal B-cell proliferation as follicular lymphoma has a low detection rate of 75% using consensus IgH PCR systems because of a somatic mutation activity (5). Mucosa-associated lymphoid tissue lymphomas, the most common GI tract lymphomas, can be ruled out because of the morphology, the absence of lymphoepithelial lesions, positivity for CD10, and BCL2 rearrangement. Although the endoscopic presentation may suggest multiple lymphomatous polyposis, the immunohistochemical profile and the molecular rearrangement rule out mantle cell lymphoma, characterized by CD5-positive cells, CD10-negative cells, and cyclin D1-enhanced expression related to (11;14) translocation. Follicular lymphomas are rare in the GI tract. The most common site is the small intestine, especially the terminal ileum. The lesion may present with obstruction or multiple mucosal polyps. Like their lymph node-based counterparts, follicular GI lymphomas carry the (14;18)(q32;q21) translocation, resulting in the juxtaposition of the BCL2 gene with the immunoglobulin heavy chain locus on chromosome 14. Consequently, BCL2 expression is enhanced and detectable by immunohistochemical staining in 75% of the cases (3).
The interest of this case report is the possible relationship between a rare GI tract lymphoma and HNPCC, although a random association cannot be ruled out. This cancer predisposition syndrome accounts for 5% of all colorectal carcinomas. Constitutional mutations of mismatch repair (MMR) genes hMLH1 and hMSH2 underlie 60% and 38% of HNPCC, respectively (7) . In tumors, the inactivation of both alleles leads to the characteristic MSIpositive phenotype and altered expression of the involved protein. Thus, immunohistochemistry with antibodies against hMLH1 and hMSH2 on paraffin-embedded tissue seems to be a rapid and efficient method for prescreening tumors for mutations in the MMR genes (8) .
Besides HNPCC, MSI has also been reported in a variety of sporadic tumors with a mutator phenotype. In hematologic malignancies, MSI is rare and dependent on the type of tumor. No MSI was de- tected in a study of 69 B-cell non-Hodgkin's lymphomas, except in one AIDS-related lymphoma (9) . In a series of 40 follicular lymphomas, 7 (17%) showed evidence of at least one locus with shifted bands in tumor DNA, but only 2 cases (5%) displayed instability in more than one microsatellite locus (10) . Discrepancies in the method and interpretation of the results emphasize that the recently determined standard criteria should now be used for the determination of the MSI phenotype (4) .
In addition to colorectal cancer, the spectrum of tumors in HNPCC includes cancers of the endometrium, stomach, ovary, small intestine, and urinary tract. Sebaceous neoplasms, keratoacanthomas, might be encountered in Muir-Torre syndrome. It is interesting that lymphoma is not an expected tumor, although it is the most common tumor in mouse models for HNPCC. Mice carrying a hemizygous or homozygous deficiency in Mlh1, Msh2, Pms1, or Msh6 succumb rapidly to lymphomas, far more frequently than to HNPCC-like tumors (11) (12) (13) (14) (15) . Mlh1 ϩ/Ϫ and Ϫ/Ϫ mice develop both T-cell and B-cell lymphomas outside the GI tract, with higher frequency and earlier onset in Mlh1Ϫ/Ϫ mice (12, 13) . The precise types of lymphoma were not specified in these studies. Lymphomas in Msh2 mutant mice are exclusively of T-cell origin, mostly lymphoblastic (11, 14) . Lymphomas occur in extra-GI tract localization in the majority of the cases.
In our case, microsatellite analysis did not demonstrate extra bands in PCR products from tumor DNA compared with normal DNA, consistent with an absence of MSI. A positive immunostaining for hMLH1 was detected in the duodenal follicular lymphoma, suggesting that lymphoid tumor cells still have the wild-type allele of hMLH1. If we hypothesize that this lymphoma is related to HNPCC, then these results indicate a different pathway in the lymphomagenesis compared with the pathway of colorectal carcinoma tumorigenesis involving alteration of both MMR gene alleles. In HNPCC mouse models, all tumors were MSI positive in homozygous deficient mice, although almost none of those in hemizygous deficient mice displayed MSI (11) . Moreover, early-onset hematologic malignancies have been reported in patients who have HNPCC only in rare offspring who constitutionally lack both wild-type hMLH1 alleles (16, 17) . Children with homozygous hMLH1 mutation were diagnosed with chronic myeloid leukemia, non-Hodgkin's lymphoma, and acute leukemia by the age of 3. These findings show that the difference in the spectrum of HNPCC-related tumors between human and mouse is not caused only by speciesdependent tumor susceptibility (18) . It suggests that both alleles need to be altered constitutionally for the early-onset occurrence of lymphomas in human and mouse. In this situation, lymphomas exhibit MSI. In patients who have classical HNPCC or in hemizygous deficient mice, alteration of the wild-type allele probably may be deleterious in lymphoid cells. MMR-deficient cells have a high rate of frameshift mutations, particularly on genes with repeated sequences, such as mononucleotide tracts. These mutations may generate novel peptides on the cell surface, such as ␤2-microglobulin, that lead to a T-cell-mediated immune response (19) . Thus, lymphoid tumor development, resulting from the loss of the wild-type allele, may be efficiently controlled by the immune system. When lymphomas occur as a rare manifestation of HNPCC, they are more likely the consequence of other rare downstream mutation events triggered by the hemizygous mutation in the MMR gene. These mutations may affect oncogenes and tumor suppressor genes that are important for lymphomagenesis but seldom mutated because of the absence of complete inactivation of the MMR system.
In summary, this observation highlights for the first time the possible association of a follicular intestinal lymphoma and HNPCC. The absence of MSI and the positive immunostaining with hMLH1 suggest that tumor lymphoid cells still have a functional MMR system. Although a random association may not be excluded, the localization in the duodenum of the follicular lymphoma raises the hypothesis of a putative role of the exposure to mutagenic exogenous agents, the same that may explain the tissue specificity of HNPCC-related tumors (11) and that also might alter lymphoid cells of the intestinal mucosa.
